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Description 



TECHNICAL FIELD OF THE INVENTION 



[0001] The present invention relates to a playback apparatus and playback method for reading marks or spaces 
written to an optical disc. 
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RELATED ART 



[0002] Writable optical discs are written with combinations of marks and spaces between marks. Mark length is 3T, 
4T, 5T, 6T, 7T, 8T, 9T, 10T, or 11T, and space length is also 3T, 4T, 5T, 6T ( 7T, 8T, 9T, 10T, or 11T. T denotes the period 
of the channel clock. The physical length of the shortest mark, 3T, is approximately 0.4 urn, and the diameter (half 
width) of the light spot of the laser beam forming the marks is approximately 0.6 urn. Because of the distribution of the 
light intensity of the light spot, that is : because light spot intensity is greatest in the center and weakens to the periphery 
momentary exposure to the light spot forms slightly smaller 0.4 u.m marks instead of 0.6 u.m marks. 
[0003] When marks are recorded to an optical disc two short marks could be recorded with a short space therebe- 
tween such as when a 3T mark, 3T space, and 3T mark (denoted as 3Tm-3Ts-3Tm) are formed. When reproducing 
a 3Tm-3Ts-3Tm sequence thus recorded jitter occurs in the playback signal due to intersymbol interference, and 0 and 
1 read errors occur. 

[0004] Fig. 6 shows an optical disc playback apparatus according to the prior art. Reference numeral 62 is an optical 
disc : 64 is an optical head, 66 is an amplifier, 68 is an automatic gain controller, 70 is a capacitance, and 72 is a 
resistance; 74 is waveform equalizer for amplifying the frequency band of the reproduced signal, 76 is a digitizer and 
78 is a phase-locked loop. 

[0005] As shown in Fig. 6, a waveform equalizer 74 is conventionally inserted before the digitizer 76 in order to 
resolve the above-noted intersymbol interference. The playback wave is amplified by the waveform equalizer 74. This 
operation is shown in Fig. 7. 

[0006] Fig. 7 (a) and (b) show a signal reproduced from short marks and the reproduced signal after amplification 
by the waveform equalizer 74. Fig. 7 (c) and (d) show a signal reproduced from long marks and the reproduced signal 
after amplification by the waveform equalizer 74. The line shown in the middle of each signal denotes the threshold 
value Vth of the digitizer 76. A 1 is output from the digitizer 76 when this threshold value Vth is exceeded, and a 0 is 
output when less than or equal to the threshold value Vth. Jitter in the playback signal is thus reduced by the waveform 
equalizer 74 amplifying the high frequency band of the playback signal. 

[0007] When a waveform equalizer 74 is not used, or when equalization coefficient K is weak, the point where the 
long mark playback signal intersects the threshold potential and the point where the short mark playback signal inter- 
sects the threshold potential can be matched as shown in Fig. 7 (e) by inputting the optical disc playback signal directly 
to the digitizer 76, but if the optical disc playback signal is input to the digitizer 76 through a waveform equalizer 74 
with a high equalization coefficient K, the point where the long mark playback signal intersects the threshold potential 
will be shifted offset g as shown in Fig, 7 (f). This offset is a new source of jitter in the playback signal. This new jitter 
becomes increasingly pronounced as the recording density increases or the equalization coefficient K increases. 

SUMMARY OF THE INVENTION 

(Technical problem to be solved by the invention) 

45 [0008] An object of the present invention is to provide an optical disc playback apparatus capable of signal processing 
so that the above-noted new jitter does not appear even when a waveform equalizer is used. 

(Method of resolving the problem) 



[0009] A playback apparatus according to a first aspect of the present invention for reading marks or spaces ("marks" 
below) written to an optical disc is characterized by comprising: 

an optical head means for emitting a light spot to a mark, reading the mark, and outputting a playback signal; 
a trimmer means for limiting at least the greater of positive amplitude or negative amplitude in the playback signal 
output from the optical head relative to a specified threshold value for converting to a binary signal so that both 
positive and negative amplitudes are substantially equal; 

a waveform equalization circuit for amplifying the high frequency band of the output signal from the trimmer means* 
and 
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a digitizing circuit for converting the output signal from the waveform equalization circuit to a binary signal using 
the specified threshold value. 

[0010] A second aspect of the invention is a playback apparatus according to the first aspect wherein the trimmer 
means limits amplitude in the positive direction only. 

[001 1 ] A third aspect of the invention is a playback apparatus according to the first aspect wherein the trimmer means 
limits amplitude in the positive direction and amplitude in the negative direction. 

[001 2] A fourth aspect of the invention is a playback apparatus according to the third aspect wherein the amount cut 
by limiting amplitude in the positive direction is 55% or less of the maximum positive amplitude, and the amount cut 
by limiting amplitude in the negative direction is 50% or less of the maximum amplitude in the negative direction. 
[001 3] A fifth aspect of the invention is a playback apparatus according to the third aspect wherein the trimmer means 
limits amplitude in the positive direction and amplitude in the negative direction in signals of an (n+2)T or longer mark 
length, and does not limit amplitude in the positive direction and amplitude in the negative direction in signals of an nT 
or (n+1)T mark length in modulation code where the shortest mark is nT (where n is a positive integer and T is the 
period of the channel clock). 

[0014] A sixth aspect of the invention is a playback apparatus according to the first aspect wherein the trimmer means 
limits amplitude when the ratio ML/Wh between pit length ML on the optical disc and half width Wh of the light spot 
satisfies the following relationship: 

ML/Wh >R 



1.0<R<1.35. 

[0015] A seventh aspect of the invention is a playback apparatus according to the first aspect wherein the ratio 
between the shortest mark length MLmin of the optical disc and the half width Wh of the light spot satisfies the rela- 
tionship MLmin/Wh < 0.82. 

[0016] An eighth aspect of the invention is a playback method for reading marks written to a writable optical disc, 
comprising: 

a step for emitting a light spot from an optical head to a mark, reading the mark, and outputting a playback signal; 
a step for limiting at least the greater of positive amplitude or negative amplitude in the playback signal output from 
the optical head relative to a specified threshold value for converting to a binary signal so that both positive and 
negative amplitudes are substantially equal; 

a step for amplifying the signal of substantially equal positive and negative amplitudes; and 
a step for converting the amplified signal to a binary signal using the specified threshold value. 

[0017] A ninth aspect of the invention is a playback method according to the eighth aspect wherein the step for 
substantially equalizing positive and negative amplitudes limits amplitude in the positive direction only. 
[0018] A tenth aspect of the invention is a playback method according to the eighth aspect wherein the step for 
substantially equalizing positive and negative amplitudes limits amplitude in the positive direction and amplitude in the 
negative direction. 

[001 9] An eleventh aspect of the invention is an optical disc playback method according to the tenth aspect wherein 
the amount cut by limiting amplitude in the positive direction is 55% or less of the maximum positive amplitude, and 
the amount cut by limiting amplitude in the negative direction is 50% or less of the maximum amplitude in the negative 
direction. 

[0020] A twelfth aspect of the invention is an optical disc playback method according to the tenth aspect wherein the 
trimmer means limits amplitude in the positive direction and amplitude in the negative direction in signals of (n+2)T or 
longer mark length, and does not limit amplitude in the positive direction and amplitude in the negative direction in 
signals of nT or (n+1 )T mark length when the shortest mark of the modulation code is nT (where n is a positive integer 
and T is the period of the channel clock). 

[0021] A thirteenth aspect of the invention is an optical disc playback method according to the eighth aspect wherein 
amplitude is limited by the step for substantially equalizing positive and negative amplitudes when the ratio MLTWh 
between pit length ML on the optical disc and half width Wh of the light spot satisfies the following relationship: 



MLTWh >R 
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1.0 <R S1.35. 



I?hf r 21 * f ° U t rteenth 3SpeCt of the invention is an °P tical disc Playback apparatus according to the eighth aspect 

satS ti: 3S£ST shortest mark len9th MLmin of the optical disc and the ha,f width Wh of the 
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MLmin/Wh < 0.82. 

(Benefits more effective than the prior art) 

£2L£ SSS SSSSSZSS and me,hM rapab,e 01 si9nal process '" 9 M <«*~»i- - - 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] 



Fig. 1 shows a playback apparatus according to a first embodiment of the invention 
Fig. 2 (a) to Fig. 2 (c) are waveform diagrams of signals obtained from the playback apparatus in Fio 1 
Fig. 3 shows a playback apparatus according to a second embodiment of the invention 
F.g. 4 (a) to Fig. 4 (c) are waveform diagrams of signals obtained from the playback apparatus in Fiq 3 

arl ifmitedby a trimmeT ^ ^ maXimUm °' ^ maXimUm and minimum of the wave 

Fig. 6 shows a conventional playback apparatus. 

nnI}V°r g 'a 7 i l ? WaVGforrn dia 9 rams of signals obtained from a conventional playback apparatus 

J ! J * * 9 . B { l ] Sh ° W the ^nship between a long mark and light spot presented as a Gaussian distribution 
hig. 9 is a graph showing signal waveforms for marks of various lengths 

dlstri^tion. t0 Fi9 ' 1 ° (C> Sh ° W re,ati ° nship betWeen a short ™* and "Oht spot presented as a Gaussian 
Fig. 11 is a graph showing the relationship between linear density and equalization error. 
BEST MODE FOR ACHIEVING THE INVENTION 



First embodiment 



Sn f rJJLl 3 o embodiment of an °P tical disc Payback apparatus according to the present invention In 

40 , L f nUmera ' 2 15 an ° PtiCal d ' SC ' 4 iS an ° ptical head ' 6 is an am P |ifier . 8 is an automatic gain confroller 

1° " 3 ca P a ^ ltance ' and 11 is a resistance. Reference numeral 14 is a trimmerfor linking the maximum LmpCeln 

20 Tis'a 8 WaVef0rni eqUa ' iZerf0r amPHfyin9 rePr ° dUCed SinUS ° ida ' WaVe ' 18 iS 3 and 

sSfcXsssri: 5&"sr" l4a> diode i4bi buffer uc ' and buffer i4d; sianai xi *• 
45 o7eT 0 r°^ de,ay circuits iea and 1 6b ' ampmers iec - ^ add - ^ 

[0029] A writable optical disc 2 is recorded using combinations of phase-change marks and spaces between marks 
Mark length ,s 3T, 4T, 5T, 6T, TT, 8T 9T, 1 0T, or 11T, and space length is also a?, 4T, 5T, 6T, 7T 8T 9T 0T oM1T T 
denotes the period of the channel Cock. The shortest mark or space in this case is 3T, having a physical length oT 
approximate y 0.2 urn to 0.4 urn; the diameter (half width) of the light spot of the laser beam for reprodSg ma*s 2 

0 P 7 P ™t7^ 

[0030] A playback signal of the marks and spaces (collectively referred to below as "marks") read by the optical head 
4 is ampUfied I by amplifier 6 and automatic gain controller 8, unnecessary frequency components are cut by caoacU 

Z?h ? ;! nd ? S Si9na ' " inPUt 10 the ,rimmer 14 - ThS Si 9 nal ^ to ' *• ^me M4 is S1 tl s gnal louta t 

form the tnmmer 14 is S2, and the signal output from the waveform equalizer 16 is S3 

[0031] Fig. 2 (a) shows a playback signal S1 for a long mark and a playback signal S1 for a short mark That A1 > 
A2 when amplitude A1 in the positive direction from the thresho.d va.ue Vth and amplitude A2 in the negate > o^on 



BNSDOCID:<EP 1229S38A1 I > 



4 



EP 1 229 538 A1 



are compared was observed from experiments as a feature of this playback signal S1 . In other words, amplitude in 
the positive direction and amplitude in the negative direction with respect to threshold value Vth are asymmetrical. 
[0032] The trimmer 14 is a circuit for eliminating or reducing this asymmetry. That is, when amplitude A1 in the 
positive direction exceeds the level of X1, the trimmer 14 cuts off the signal at the level of X1 and thus limits the 
maximum amplitude A1 in the positive direction to the level of X1 . Playback signal S2 is shown in Fig. 2 (b). Long mark 
playback signal S2 is cut off at level X1, but short mark playback signal S2 is less than or equal to level X1 and is 
therefore not cut off. 

[0033] Playback signal S2 is input to the waveform equalizer 16 and amplified. The amplified signal S3 is shown in 
Fig. 2 (c). The waveform equalizer 16 works to increase the slope of the wave. Overshoot therefore appears at the 
edge cut off at level X1 . Thus, when playback signal S2 cutoff at level X1 , and particularly long mark playback signal 
S2, is amplified by the waveform equalizer 16, the offset at the intersection of the playback signal 2 with threshold 
value Vth is greatly reduced. Producing new jitter in the playback signal as a result of this offset is thus avoided. As a 
result, playback signal jitter can be improved. 

Second embodiment 

[0034] Fig. 3 shows a second embodiment of an optical disc playback apparatus according to the present invention. 
Compared with Fig. 1 , the optical disc playback apparatus shown in Fig. 3 differs in the configuration of the trimmer 
114, and because the configuration of other parts is the same as the configuration of the optical disc playback apparatus 
shown in Fig. 1 only the configuration of the trimmer 1 1 4 is described below and description regarding the configuration 
of other parts is omitted. 

[0035] The trimmer 114 comprises a resistance 14a, diodes 14b and 14e, buffers 14c and 14f, and buffer 14d; signal 
X1 specifying the upper limit is input to the input of buffer 14c and signal X2 specifying the lower limit is input to the 
input of buffer 14f. 

[0036] Operation is described next. 

[0037] As above, a writable optical disc 2 to which marks are prerecorded is reproduced. 

[0038] The signal input to the trimmer 1 1 4 is S1 , the signal output form the trimmer 1 1 4 is S2, and the signal output 
from the waveform equalizer 16 is S3. 

[0039] Fig. 4 (a) shows a playback signal S1 for a long mark and a playback signal S1 for a short mark. That when 
amplitude A1 in the positive direction from the threshold value Vth and amplitude A2 in the negative direction are 
compared A1 > A2 and are asymmetrical is the same as noted above. 

[0040] The trimmer 114 is a circuit for eliminating or reducing this asymmetry. That is, when amplitude A1 in the 
positive direction exceeds the level of X1, the trimmer 114 cuts off the signal at the level of X1 and thus limits the 
maximum amplitude A1 in the positive direction to the level of X1, and when amplitude A2 in the negative direction 
exceeds the level of X2, the trimmer 114 cuts off the signal at the level of X2 and thus limits the minimum negative 
amplitude A2. Playback signal S2 is shown in Fig. 3 (b). Long mark playback signal S2 is cut off in the positive direction 
at level X1 and is cut off in the negative direction at level X2. The short mark playback signal S2 is between levels X1 
and X2 and is therefore not cut. J 

[0041] Playback signal S2 is input to the waveform equalizer 1 6 and amplified. The amplified signal S3 is shown in 
Fig. 3 (c). The waveform equalizer 16 works to increase the slope of the wave. Overshoot therefore appears at the 
edges cut off at levels X1 and X2. Thus, when playback signal S2 cutoff at level X1 or X2, and particularly long mark 
playback signal S2, is amplified by the waveform equalizer 16, the offset at the intersection of the playback signal 2 
with threshold value Vth is greatly reduced. Producing new jitter in the playback signal as a result of this offset is thus 
avoided. As a result, playback signal jitter can be improved. 

[0042] How much jitter is improved when an optical disc having a shortest mark length of 0.333 \um is reproduced 

with a 0.6 u,m diameter light spot is described next. 

[0043] Jitter G (%) is obtained with the following equation. 

G = J9 ^ + 92 ^j - + 3 ^ x 1 00 (%) 

where g1 to gm denote the offset (offset g shown in Fig. 7 (f)) appearing in a specific interval in order. 

[0044] In the prior art example shown in Fig. 6 jitter is 1 2.3%. In the playback signal S2 input to the waveform equalizer 

74 in this case A1 ~1 .1 A2 as shown in Fig. 5 (a). 

[0045] In the first embodiment shown in Fig. 1 jitter is 10.6%. As shown in Fig. 5 (b), the amplitude of the playback 
signal S2 input to the waveform equalizer 16 in this case is cut off only in the positive direction and A1 = A2. This was 
achieved by trimming the signal approximately 1% to 5% in the positive direction. 
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[0046] In the second embodiment shown in Fig. 3 jitter is 7.3%. As shown in Fig. 5 (c), the amplitude of the playback 
signal S2 input to the waveform equalizer 1 6 in this case is cut off in the positive direction negative direction, and A1 
= A2. This was achieved by trimming the signal to approximately 5% to 55% in the positive direction, and to approxi- 
mately 1% to 50% in the negative direction. That is, this was achieved by making the amount cut off as a result of 
5 limiting the positive amplitude 55% or less of the maximum positive amplitude, and making the amount cut off as a 
result of limiting the negative amplitude 50% or less of the maximum negative amplitude. 

[0047] Furthermore, a jitter level of 6.9% was obtained as a result of finding the lowest jitter level achieved with the 
second embodiment shown in Fig. 3. As shown in Fig. 5 (d), the signal amplitude of the playback signal S2 input to 
the waveform equalizer 16 in this case was cut off in both positive and negative directions, and A1 ~1 .1 A2. This was 
10 also achieved by trimming to approximately 5% to 55% in the positive direction and 1 % to 50% in the negative direction. 
[0048] Cut-off levels X1 and X2 desirably do not cut the signal amplitude to the amplitude of a signal for a short mark 
such as a 3T mark. Cut-off levels X1 and X2 are preferably set so that 

(X1 - Xth) =(Vth - X2), 

that is, so that the positive amplitude and negative amplitude are substantially the same, but it is even further preferable 
for the positive amplitude (X1 - Xth) to be 0.2% to several percent greater than the negative amplitude (Vth - X2). 
[0049] The above example described a case in which a signal peak is greater in the positive direction than in the 
20 negative direction, but when the signal amplitude in the negative direction is greater than in the positive direction it is 
necessary to cut at least the amplitude in the negative direction. 

[0050] How high of a playback signal the playback signal cut off at level X1 should be cut from is described next. 
[0051] The light spot can be thought of as a Gaussian distribution. Movement of the light spot along the track over 
the marks and spaces can be thought of as a Gaussian distribution moving along the track over the marks and spaces. 
25 The level of a playback signal from an optical disc is determined by the area of the Gaussian distribution occupied by 
the mark. In other words, the playback signal level can be determined by adding the area of the Gaussian distribution 
occupied by a mark as a positive value and the area where a mark is not present as a negative value. Therefore, 

3Q playback signal level = area of shaded part + (-area of unshaded part). 

[0052] Note that the area of the Gaussian distribution is 1 in this example. As shown in Fig. 8 (a) : the playback signal 
level when a mark is not in the Gaussian distribution is -1 . As shown in Fig. 8 (b) , when a mark covers half the Gaussian 
distribution, that is, when the leading edge of the mark is positioned at the middle of the Gaussian distribution, the 

35 playback signal level is 0. As shown in Fig. 8 (c), when the mark completely fills the Gaussian distribution the playback 
signal level is +1 . Thus, when the mark length ML is equal to or longer than the width GW of the Gaussian distribution, 
the playback signal level changes from -1 to 0 and then to +1 as indicated by line 900 in Fig. 9. The playback signal 
level goes to 0 precisely when the leading edge of the mark is positioned at the center of the Gaussian distribution. 
[0053] When the mark length ML is shorter than the width GW of the Gaussian distribution is examined next. As 

40 shown in Fig. 10 (a) the playback signal level is -1 when no part of the mark is within the Gaussian distribution. As 
shown in Fig. 10 (b), the playback signal level is a slightly negative value (-AS) rather than 0 when the leading edge 
of the mark is positioned at the center of the Gaussian distribution. As shown in Fig. 10 (c), when the mark center is 
positioned at the center of the Gaussian distribution the playback signal level peaks but the peak value is slightly less 
than +1 . It should be noted that Figs. 8, 9, and 10 show a case using 8-16 modulation as the modulation code. 

45 [0054] The playback signal level when the leading edge of the mark is positioned at the center of the Gaussian 
distribution (referred to below as the edge-center point) can be expressed using intersymbol interference -AS. The 
absolute value l-ASI of the playback signal level (-AS) at the edge-center point increases as the mark length ML be- 
comes shorter than the width GW of the Gaussian distribution. That the playback signal level at this edge-center point 
moves from 0 in the negative direction is also considered a factor contributing to offset g. 

so [0055] The magnitude of level X1 in the present invention is therefore set so that cut off at level X1 starts at the point 
where the playback signal level at the edge-center point substantially rises from a negative value to substantially 0, 
such as when it approaches to within -0.01 of 0, as the mark length ML is sequentially increased from the shortest 
mark length. In the case shown in Fig. 9 the playback signal level at the edge-center point of the waveform 901 for a 
3T mark is -0.099, -0.028 for waveform 902 for a 4T mark, and -0.006 for waveform 903 for a 5T mark. Level X1 is 

55 therefore set between the peak of the 4T mark wave and the peak of the 5T mark wave. 

[0056] Considered a different way : it is enough to trim signals using level X1 from a signal near where the mark length 
ML becomes equal to the width GW of the Gaussian distribution, or a signal near where the mark length ML becomes 
equal to the half width Wh of the light spot. That is, level X1 is set so that the signal is trimmed when 
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ML/Wh >R 



5 1.0 <R <1.35. » 

In Fig. 8 reference numeral 803 is the half width Wh of the light spot, indicating the width of the distribution where 
power is 1/2 the peak power of the light spot distribution, and is approximately 0.6 |xm in a DVD. 
[0057] The preceding description is further analyzed below using equations. 
10 [0058] If the half width of the light spot is Wh, the playback signal level is -1 (minimum signal level) at a sufficiently 
long space, and the playback signal level is +1 (maximum signal level) at a sufficiently long mark, Gaussian distribution 
Sf(x) denoting the light spot can be expressed with equation 1 (x is the distance from the light spot center). 



EQUATION 1 



f \ 2 



20 




[0059] The playback signal level at a certain time can be determined by subtracting the integral of all parts where 
the mark is not present from the integral of all parts where the mark is present as shown in equation 1 . As will be known 
because a 1 results with a sufficiently long mark, the integral of applying equation 1 to the entire area is 1 . Furthermore, 
30 when the light spot is positioned at the transition between a sufficiently long space and a sufficiently long mark, equation 
1 is symmetrical for x=0, and the playback signal level is 0. 

[0060] Intersymbol interference is described here using 8-16 modulation as the modulation code. For simplicity, 
intersymbol interference resulting from successive marks is described below assuming a signal in which a 3T mark, 
4T mark, 5T mark, and 6T mark follow a sufficiently long space. The playback wave for the above is shown in Fig. 9. 

35 in Fig. 9 reference numeral 901 is a 3T mark, 902 is a 4T mark, 903 is a 5T mark, and 904 is a 6T mark. 

[0061] The playback signal level when the light spot is located at the change between a sufficiently long space and 
an nT mark is shown by equation 2 in which equation 1 is integrated from 0 to (n x B1). B1 denotes the length on the 
optical disc per 1 channel bit, that is, per 1T, and (n x B1) is equivalent to the mark length. If the mark length of the 
shortest mark 3T is MLmin, B1 = MLmin/3. It should be noted that 1T denotes temporal length and B1 denotes spatial 

40 length on disc. 



EQUATION 2 




[0062] Here playback signal level EQnT using equalization by the prior art waveform equalizer 74 shown in Fig. 6 is 
obtained by multiplying both playback signal level AnT at time - t and playback signal level Bnt at time + i by coefficient 
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K, and adding the results to playback signal level InT at time 0. Therefore: 

EQnt = InT + K'AnT + K'BnT = Int + K*(AnT + BnT). 
[0063] If the light spot travels distance d in time x, AnT and BnT can be expressed by equation 3 and equation 4. 



10 
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20 



25 



EQUATION 3 



AnT ~Wh 



VIn2 



n-Bl+d 



2 - J 



V 



\2 

Wh '' 

^ 2 ; 



dx-l 



J 



30 



35 



40 



EQUATION 4 



f 



BnT ~m 



Vln2 



n-Bl-d 



2 - I 



Wh X 
\ 2 J 



dx — 1 



V 



J 



45 



[0064] InterBymbol interference InTfrom 3T to 6T determined using equation 2 when, for example, the light spot half 
width Wh is 0.6 ujti and the channel bit length B1 is 0.14 u_m is: 3 r 



50 



I3T = -0.099 



I4T = -0.028 



55 



I5T = -0.006 
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I6T= -0.001. 



AnT + BnT for 3T to 6T marks when distance d = 2*B1 is: 



A3T+B3T 



-0.734+0.146 = -0.588 



A4T+B4T 



-0.7294-0.456 = -0.273 



A5T+B5T 



-0.728+0.629 = -0.099 



A6T+B6T 



-0.728+0.700 = -0.028 



[0065] If the lap coefficient K of the conventional equ ivalent circuit is -1 3T/(A3T+B3T) = -0. 1 69 is chosen, intersymbol 
interference of 3T marks can be removed by equalization, but an error of 0.018 occurs with 4T marks, 0.011 with 5T 
marks, and 0.004 with 6T marks. Likewise, if the selected tap coefficient K is -14T/(A4T+B4T) = -0.103, intersymbol 
interference of 4T marks can be removed but an error of -0.039 occurs at 3T marks, 0.004 at 5T marks, and 0.002 at 
6T marks. It is thus not possible to remove intersymbol interference for all marks with a conventional equalization 
circuit. In effect, equalization minimizes the average of the absolute value difference. 

[0066] This is because the relationship between InT and AnT+BnT is not proportional. The equivalent circuit of the 
present invention therefore forces a nearly proportional relationship between InT and AnT+BnT by limiting the amplitude 
of 5T and longer playback signals in which the absolute value of intersymbol interference InT is less than 0.010, that 
is, 5T, 6T, 7T, ... playback signals, by trimming to level X1 , and limiting the amplitude to AnT and BnT so that the 
relationship between I3T and I4T is I3TI4T = (A3T + B3T) : (A4T+ BAT). If a proportional relationship is achieved and 
a coefficient K of K = -13T/(A3T+B3T) = -14T/(A4T+B4T) is selected, intersymbol interference can be eliminated for 
all marks. 

[0067] More specifically, if AnT is amplitude limited at -0.578 and BnT is amplitude limited at 0.578, 



and if K = -0.230 is selected, error will be substantially 0, specifically 0 for 3T mark, 0 for a 4T mark, -0.006 for a 5T 
mark, and -0.001 for a 6T mark. 

[0068] The present invention is particularly effective with high density recording where InT and (AnT+BnT) deviate 
from a proportional relationship in the waveform when amplitude limiting (trimming at level X1) is not applied. The 
relationship between linear density and 4T mark error with a conventional waveform equalization circuit in which am- 
plitude limiting is not applied is shown in Fig. 11 . It should be noted that linear density is defined as the ratio between 
the shortest mark length MLmin and the half width Wh of the light spot, and coefficient K of the waveform equalization 
circuit is the value K = -13T/(A3T + B3T) removing the intersymbol interference of 3T marks. This indicates that when 
the error is great, InT and (AnT+BnT) are far from a proportional relationship. The present invention is effective when 
the error in Fig. 11 is 0.010 or greater. With respect to linear density, the present invention is effective when the ratio 
of the shortest mark length and light spot half width is 0.82 or less. The invention is even more effective when the error 
is 0.018 or greater and linear density is 0.70 or less. 

[0069] An example of intersymbol interference resulting from a mark following a space is described by way of example 
above, but the same applies when the space and mark are reversed as the sign simply inverts. Furthermore, the same 



A3T+B3T= -0.578+0.146 = -0.433 



A4T+B4T = -0.578+0.456 = -0.122 



A5T+B5T = -0.578+0.578 = 0 



A6T+B6T = -0.578+0.578 = 0, 
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also applies to intersyrnbol interference resulting from a mark before a space because this is equivalent to inverting 
the time base and AnT and BnT are simply reversed. In effect, the same applies to all combinations. 
[0070] The same benefits are achieved with modulation code in which 2T is the shortest mark, such as in (1,7) 
modulation, because 2T in (1 ,7) modulation substitutes for 3T in the above-described 8-16 modulation, and 3T in (1 ,7) 
modulation substitutes for 4T in 8-1 6 modulation. 

[0071] As described above, offset g can be reduced and playback signal jitter can be improved by trimming peaks 
to at least one side, such as by cutting the amplitude in the positive direction, of the playback signal, and preferably 
playback signal S2 input to the waveform equalizer, before it is input to the digitizer 1 8. 

Claims 

1 . A playback apparatus for reading marks or spaces (marks, below) written to an optical disc, comprising: 

15 an optical head means for emitting a light spot to a mark, reading the mark, and outputting a playback signal; 

a trimmer means for limiting at least the greater of positive amplitude or negative amplitude in the playback 
signal output from the optical head relative to a specified threshold value for converting to a binary signal so 
that both positive and negative amplitudes are substantially equal; 

a waveform equalization circuit for amplifying the high frequency band of the output signal from the trimmer 
^0 means; and 

a digitizing circuit for converting the output signal from the waveform equalization circuit to a binary signal 
using the specified threshold value. 

2. A playback apparatus as described in claim 1 , wherein the trimmer means limits amplitude in the positive direction 
only. 

3. A playback apparatus as described in claim 1 , wherein the trimmer means limits amplitude in the positive direction 
and amplitude in the negative direction. 

30 4. An optical disc playback apparatus as described in claim 3, wherein the amount cut by limiting amplitude in the 
positive direction is 55% or less of the maximum positive amplitude ! and the amount cut by limiting amplitude in 
the negative direction is 50% or less of the maximum amplitude in the negative direction. 

5. An optical disc playback apparatus as described in claim 3, wherein the trimmer means limits amplitude in the 
35 positive direction and amplitude in the negative direction in signals of an (n+2)T or longer mark length, and does 

not limit amplitude in the positive direction and amplitude in the negative direction in signals of an nT or (n+1)T 
mark length in modulation code where the shortest mark is nT (where n is a positive integer and T is the period of 
the channel clock). 

40 6. An optical disc playback apparatus as described in claim 1 , wherein the trimmer means limits amplitude when the 
ratio ML/Wh between pit length ML on the optical disc and half width Wh of the light spot satisfies the following 
relationship: 

45 ML/Wh >R 

1.0 <R <1.35. 

so 7. An optical disc playback apparatus as described in claim 1 , wherein the ratio between the shortest mark length 
MLmin of the optical disc and the half width Wh of the light spot satisfies the relationship 



55 



MLmin/Wh < 0.82. 

8. A playback method for reading marks written to a writable optical disc, comprising: 

a step for emitting a light spot from an optical head to a mark, reading the mark, and outputting a playback 
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signal; 

a step for limiting at least the greater of positive amplitude or negative amplitude in the playback signal output 
from the optical head relative to a specified threshold value for converting to a binary signal so that both positive 
and negative amplitudes are substantially equal; 

a step for amplifying the signal of substantially equal positive and negative amplitudes; and 
a step for converting the amplified signal to a binary signal using the specified threshold value. 

}. A playback method as described in claim 8, wherein the step for substantially equalizing positive and negative 
amplitudes limits amplitude in the positive direction only. 

0. A playback method as described in claim 8, wherein the step for substantially equalizing positive and negative 
amplitudes limits amplitude in the positive direction and amplitude in the negative direction. 

1. An optical disc playback method as described in claim 10, wherein the amount cut by limiting amplitude in the 
positive direction is 55% or less of the maximum positive amplitude, and the amount cut by limiting amplitude in 
the negative direction is 50% or less of the maximum amplitude in the negative direction. 

2. An optical disc playback method as described in claim 10, wherein the trimmer means limits amplitude in the 
positive direction and amplitude in the negative direction in signals of (n+2)T or longer mark length, and does not 
limit amplitude in the positive direction and amplitude in the negative direction in signals of nT or (n+1)T mark 
length when the shortest mark of the modulation code is nT (where n is a positive integer and T is the period of 
the channel clock). 

3. An optical disc playback method as described in claim 8, wherein amplitude is limited by the step for substantially 
equalizing positive and negative amplitudes when the ratio ML/Wh between pit length ML on the optical disc and 
half width Wh of the light spot satisfies the following relationship: 

ML/Wh >R 



1.0 <R <1.35. 

4. An optical disc playback apparatus as described in claim 8, wherein the ratio between the shortest mark length 
MLmin of the optical disc and the half width Wh of the light spot satisfies the relationship 



MLmin/Wh < 0.82. 
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Fig.2A 
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Fig. 3 
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